The aim was to compare the optical coherence tomographic (OCT) parameters of subjects with and without a family history of glaucoma to determine whether positive family history has an impact on retinal nerve fibre layer and ganglion cell complex analyses. Methods: Forty eyes of 40 normal subjects with a proven positive family history (firstdegree relatives) for primary open angle glaucoma (POAG) (study group) and agematched 40 eyes of 40 control subjects without a family history for glaucoma (control group) were enrolled. Retinal nerve fibre layer thickness and macular ganglion cell complex thickness were measured with spectral domain OCT and results were compared between both groups. Results: In the study group, retinal nerve fibre layer thickness in all quadrants except the superior quadrant was a statistically significant decrease when compared to the control group (p = 0.707 for the superior quadrant, p < 0.05 for other retinal nerve fibre layer parameters; analysis of variance [ANOVA]). Furthermore, ganglion cell complex in all quadrants except the inferotemporal quadrant was a statistically significantly thinner in the study group, when compared with the controls (p = 0.196 for the inferotemporal quadrant, p < 0.05 for ganglion cell complex parameters; ANOVA). Conclusions: In individuals who have a history of POAG in their first-degree relatives, OCT parameters including retinal nerve fibre layer and ganglion cell complex are significantly lower than the subjects without a family history. Retinal nerve fibre layer and ganglion cell complex thinning were detected in normal-looking discs. The importance of these findings remains uncertain. Prospective, controlled clinical trials with longer follow up are necessary to understand, whether or not those changes are an early indicator of glaucoma.
Primary open angle glaucoma (POAG) is a multi-factorial optic neuropathy with characteristic progressive loss of retinal ganglion cells and visual field.
1 Optical coherence tomography (OCT) is a widely used instrument for retinal nerve fibre layer and macular thickness evaluation in subjects with glaucoma. OCT is an interferometry-based ocular imaging modality that generates high-resolution cross-sectional images of the retina. 2 Peripapillary retinal nerve fibre layer and macular parameters, especially ganglion cell analysis, are used for both diagnosis and monitoring of glaucoma.
The changes of the visual field and optic nerve head on which the diagnosis of glaucoma is based, occur years later than the reduction in thickness of the retinal nerve fibre layer. 3 Evaluation of retinal nerve fibre layer thickness is a tool for the early diagnosis of the disease, as the early diagnosis positively correlates with preservation of visual function. 4 Screening of higher-risk groups may be the most cost-effective method of reducing the volume of undiagnosed glaucoma and patient history appears to be a practical means of screening to identify the higher-risk target population. It is well known that positive family history is a risk factor for the development of glaucoma. A positive family history for POAG has been reported in 13 to 50 per cent of patients affected by POAG. 5, 6 With the evolution of molecular techniques, specific genes associated with the disease have also been identified.
The primary goal of this study is to compare the OCT parameters of subjects with and without a positive family history for POAG to determine whether or not a positive family history has an impact on retinal nerve fibre layer and ganglion cell complex analyses.
METHODS
In this cross-sectional observational study, 40 eyes of 40 normal subjects with a proven positive family history (first-degree relatives) for POAG, who have been followed up at Bozyaka Training and Research Hospital Glaucoma Department (study group) and age-matched 40 eyes of 40 control subjects without a family history for glaucoma (control group) were enrolled. 
Visual field
The visual field was tested by the Humphrey Field Analyzer Model 750I (Humphrey Instruments Inc, San Leandro, California, USA), using the program central 24-2, Swedish interactive threshold algorithm standard strategy. A reliable visual field test was defined as one with less than 20 per cent fixation loss and less than 15 per cent positive and negative catch trials. When the fixation losses were more than 20 per cent, the falsepositive and false-negative rates more than 15 per cent, the visual field was considered to be unreliable and excluded from the analysis.
Optical coherence tomography
OCT measurements were performed after pupillary dilation. Images with visible eye motion, blinking artefacts and those with signal strength less than six were excluded. At optic disc cube protocol, a 6 mm by 6 mm area was scanned with a 200 by 200 axial scan (A-scan). Average cup/disc (C/D) ratio was calculated. Retinal nerve fibre layer thickness was measured by scanning three consecutive 360 degree circular scans with a diameter of 3.4 mm centred on the optic disc. Mean retinal nerve fibre layer thickness and average retinal nerve fibre layer thickness in four quadrants (superior, nasal, inferior and temporal) were calculated automatically. A 200 by 200 macular cube scan protocol performing 200 horizontal B-scans, in which each Bscan contains 200 A-scans and each A-scan contains 1,024 voxels with a cube measuring six × six × two was obtained. Ganglion cell complex thickness was calculated by measuring the thickness between retinal nerve fibre layer-ganglion cell boundary and inner plexiform layer (IPL)-inner nuclear boundary in an elliptical annulus area centred on the fovea. The ganglion cell complex (ganglion cell plus IPL) thickness was calculated in six quadrants (superior, superiornasal, superiortemporal, inferior, inferiornasal and inferiortemporal). Mean ganglion cell complex thickness was calculated. Minimum ganglion cell complex thickness means the average ganglion cell complex thickness from the radius with the lowest average among the 360 radii. Fast macular thickness map protocol (six consecutive 6.0-mm radial line scans centred on the macula) was used for central macular thickness measurements. Only spectral domain OCT scans with a signal strength more than seven were used for analysis; otherwise, they were repeated.
Statistical analysis was performed using SPSS software for Windows (version 21.0, SPSS Inc., Chicago, Illinois, USA). The chisquare test was used to compare categorical data. One-way analysis of variance (one-way ANOVA) test for comparisons of variables between groups was applied. A p-value less than 0.05 was considered statistically significant.
RESULTS
No significant differences were found between the two groups in terms of age, gender, IOP, central corneal thickness (CCT), mean deviation, pattern standard deviation and average C/D ratio (Table 1) .
Retinal nerve fibre layer parameters are summarised in Table 2 . Subjects with a positive familial history have lower mean retinal nerve fibre layer thickness in all quadrants except the superior quadrant when compared to controls. The difference between the two groups was statistically significant (p = 0.707 for superior quadrant, p < 0.05 for other retinal nerve fibre layer parameters; ANOVA).
Ganglion cell complex parameters are summarised in Table 3 . Ganglion cell complex thickness in all quadrants except the OCT OCT parameters in subjects with a positive family history for glaucoma Karti, Yuksel, Uzunel, Karahan, Zengin and Kusbeci are reliable and reproducible. Newer versions of OCT employ spectral domain technology, which affords higher resolution and faster scanning speeds. 7, 8 A family history of glaucoma is associated with a 2.1-fold relative risk of possible POAG. 9 Wolfs and colleagues 5 found that first-degree relatives of glaucoma patients were at a 22 per cent lifetime risk of glaucoma compared to 2.3 per cent for the relatives of normal controls. The prevalence of glaucoma was 10.4 per cent in the siblings of glaucoma patients compared to 0.7 per cent in those of normal controls. In addition, the risk of inheriting glaucoma may increase with the number of relatives diagnosed with the disease.
In the present study, we explored retinal nerve and ganglion cell alterations using spectral domain OCT. Although the discs appeared normal, in that the rim thicknesses were in the order inferior ≥ superior ≥ nasal ≥ temporal quadrant, the thicknesses were significantly lower than those of the controls in all except the superior quadrant. Such thin retinal nerve fibre layers were not detected by the OCT device; the colour codes used to signal thickness abnormalities were not activated. This indicates that the retinal nerve fibre layer loss was diffuse. Although the retinal nerve fibre layer and ganglion cell complex thicknesses of all quadrants in the study group were lower than those in the controls, the differences did not attain statistical significance. We found non-significant differences between the ganglion cell complex thicknesses of the inferotemporal quadrant and the retinal nerve fibre layer thicknesses of the superior quadrant. Such data have not been available previously for healthy subjects. It is difficult to explain why the differences in the two parameters mentioned above did not attain statistical significance; however, there are several possibilities.
First, the retinal nerve fibre layer and ganglion cell complex thicknesses in relatives of glaucoma patients are not well documented. It is likely that ganglion cell complex and retinal nerve fibre layer variations in such subjects are asymmetrical, triggering different changes in the retinal nerve fibre layer thicknesses of various retinal quadrants.
Second, our relatively small sample may explain why we found no significant difference in the retinal nerve fibre layer thickness of the superior quadrant or the ganglion cell complex thickness of the inferotemporal quadrant. The enrolment of larger numbers of subjects might yield statistically significant differences between the relatives of glaucoma patients and controls. Another possibility is that the retinal nerve fibre layer in relatives of POAG patients may initially be thin in the inferior, nasal and temporal quadrants, with thinning in the superior quadrant developing later. Only two similar studies used spectral domain OCT to explore ganglion cell complex and retinal nerve fibre layer changes in patients with family histories of ganglion cell complex average, ganglion cell complex superior and ganglion cell complex inferior thicknesses were significantly lower in healthy eyes of those with a family history of glaucoma than in normal eyes. Our results are consistent with these data in terms of age, CCT and IOP; however, unlike the cited authors, we found that the inferior, temporal and nasal retinal nerve fibre layers were significantly thinner in test than control subjects. The between-study differences may be associated with the sensitivities of the OCT devices used, sample sizes or variations in the study populations. Rolle and colleagues 10 also found that thinning of the retinal nerve fibre layer and ganglion cell complex were more significant in the siblings than the offspring of glaucomatous subjects. Our study group consisted only of healthy subjects who were first-degree relatives of POAG patients. We did not enrol second-degree relatives or the appropriate controls. Unlike Rolle and colleagues, 10 we also evaluated central macular thickness changes; the two groups did not differ. Pekel and colleagues 11 found no significant differences in the ganglion cell complex and retinal nerve fibre layer thicknesses of healthy eyes in those with family histories of POAG and controls; however, the whole-macular thickness was higher in the control than the test group. We found no significant between-group difference in central macular thickness. Indeed, the central macular thickness is less helpful in glaucoma diagnosis than are peripapillary retinal nerve fibre layer measurements. The macular thickness includes that of outer retinal layers that are not affected in glaucoma; this may compromise test sensitivity. In contrast, the peripapillary retinal nerve fibre layer reveals early glaucomatous changes because only retinal ganglion cell axons are evaluated. [16] [17] [18] [19] [20] [21] [22] [23] Pekel and colleagues 11 also found that the mean IOP, CCT and vertical C/D ratio were similar in both groups, as did we. The cited authors concluded that young relatives (aged 17 to 45 years) of POAG patients did not exhibit characteristic glaucomatous damage when compared to controls. The differences between our data and those of Pekel and colleagues 11 may be associated with a difference in the age of the study groups. The mean age of our subjects was 55 years, which is higher than that of the subjects considered by Pekel and colleagues. 11 Retinal nerve fibre layer thinning is associated with aging; several authors have reported inverse correlations between age and retinal nerve fibre layer thickness. Such correlations are more prominent in the superior and inferior areas, being less remarkable in the nasal and temporal areas. The thickness change rates ranged from −1.6 to −3.3 μm per decade of age. Therefore, our test and control groups were age-matched to exclude any effect of age-related retinal nerve fibre layer thinning. [12] [13] [14] The diffuse retinal nerve fibre layer and ganglion cell complex thinning evident in our test group may be explained by the findings of Hougaard and colleagues. 15 The cited authors reported that the genetic contributions to retinal nerve fibre layer thickness in both monozygotic and dizygotic twins were about 78 per cent. Therefore, a thinner retinal nerve fibre layer in a subject with a family history of glaucoma but who does not exhibit a glaucomatous visual field defect and whose disc appears normal, may be attributable only to a genetic trait that will not ultimately cause POAG.
In recent years, interest in macular assessment, especially the ganglion cell layer, has increased with advances in automatic macular layer segmentation by novel OCT devices. Such analysis has the disadvantage that the outer retinal layers not affected in glaucoma are assessed; however, macular ganglion cell analysis has certain advantages. Topographically, the macula is less variable among normal individuals than is the optic nerve head; about 50 per cent of all ganglion cells are located in multiple layers in the macula. 16 Cho and colleagues 17 found correlations between visual field test sensitivity and ganglion cell complex and retinal nerve fibre layer thicknesses. Seong and colleagues 18 and Mwanza and colleagues 19 reported that the ganglion cell complex and retinal nerve fibre layer were affected in early-stage glaucomatous eyes; however, the retinal nerve fibre layer parameters were slightly more informative than the ganglion cell complex parameters. [19] [20] [21] [22] [23] Our study has certain limitations. The work was cross-sectional in nature and our sample was relatively small. We did not perform long-term follow-up on OCT parameters. Additional studies of retinal nerve fibre layer and ganglion cell complex parameters in apparently normal eyes of those with family histories of glaucoma may reveal disease progression over time. Our work will aid in determining how to follow such individuals and how to recognise deterioration in OCT parameters with age.
In conclusion, OCT parameters (retinal nerve fibre layer and ganglion cell complex thicknesses) were significantly lower in subjects whose first-degree relatives had POAG than in those without such relatives. The significance of such findings remains uncertain. Prospective, controlled clinical trials with a longer follow-up period are required to explore whether a thinner retinal nerve fibre layer in the former subjects (with clinically normal optic nerves) will eventually trigger glaucoma and whether the changes we observed are early indicators of such a fate.
